Hearing sensitivity for an experimental group of 278 industrial workers who engaged in recreational shooting was compared with that ofan age-matched control group of 278 nonshooting industrial workers to examine the effect of gunfire exposure on auditory thresholds. The influence ofage and the number of unprotected gunshot exposures per year also was examined. The subjects in the experimental group completed a questionnaire to define the types offirearms used, the number ofyears shooting, and the number of protected and unprotected gunshot exposures per year. Results revealed that hearing sensitivity for frequencies 3.0,4.0, and 6.0 kHzfor both ears in the experimental group was an average ofapproximately 5 to 10 dB poorer than that of the control subjects.
Introduction
Hearing conservationists have long been concerned about the confounding relationship between occupational and From recreational noise exposures and noise-induced hearing loss (NIHL). Because noise generated from either source is capable of causing NIHL, knowledge of the relationship between these two forms of noise exposure is critical for effective management in hearing conservation programs (HCPs). For example, in order to provide effective counseling about the appropriate use of hearing protection devices (HPDs), managers of HCPs must not only be aware of employees who are exposed to potentially hazardous levels of workplace noise, but also those employees who concomitantly engage in noisy recreational activities.
Recreational firearm noise has been cited as a primary cause of NIHL incurred during leisure activity.' It is estimated that in the United States, 60 million Americans shoot firearms as part of recreational target practice or when hunting various wildlife. The use of firearms while hunting is of special concern because it has been reported that only about 1% of hunters use HPDs. 2 The NIHL associated with firearm noise in right-handed rifle shooters has been described as a bilateral high-frequency sensorineuralloss in the left ear, which is more affected than the right ear.':'?
Although hearing sensitivity has been investigated extensively in various populations exposed to either occupational or firearm noise, only limited data have been reported on individuals who are exposed to both recreational shooting and workplace noise. Prosser et al found that railway workers who engaged in recreational hunting had significantly poorer left-ear high-frequency hearing sensitivity than age-matched coworkers who did not hunt. 8 Differences in right-ear hearing sensitivity were not significantly different between the two groups. Furthermore, the amount of asymmetry noted in the group of hunters increased with age, the number of gunshot exposures per year, and the cumulative number of gunshot exposures over a lifetime. Based on these findings, Prosser The following isabrief summary only. Before prescribing, see complete Prescribing Information inLEVAQUIN Tablets/Injection labeling CONTRAINDlCATIONS levofloxacin iscontraĩdi cated in persons witha history of hypersensitivity to levonoxacn qumolone antimicrobial agents, or any other components of thlsproduct. ) Inimmature ratsanddogs, theoralandintravenous administration of levofloxacin increased the incidence andseverity of osteochondrosis. Other f1uoroQuinolones alsoproduce similar erosions in theweight~eari ng lcintsandothersigns of arthropathy in immature animals ofvarious species. (See ANIMAL PHARMACOLOGY infunPrescnbing Information.)
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Pirila et al reported hearing sensitivity data for two groups of men who were exposed to occupational noise. II One group comprised men who had substantial shooting histories, and the other group was made up of men who denied using firearms. Unlike Prosser et al, Pirila et al found that both groups had similar degrees of ear-specific hearing loss and that each group demonstrated significant asymmetry, with the left ear being more impaired. Kryter, as part of a larger study, reported that railway workers who participated in hunting activities and/or target practice or who had used guns as part of their military service had greater degrees of hearing loss, especially in the left ear, than did railway workers of similar age who had not engaged in shooting activities.F Finally, Pekkarinen et al examined the hearing sensitivity of 150 forest workers who had been exposed to chain-saw noise." The forest workers were divided into two groups based on their exposure to recreational firearm noise. Foresters with high firearm noise exposures had mean hearing thresholds that were 9 dB poorer at 4.0 kHz and 10 dB worse at 8.0 kHz than did forest workers with low firearm noise exposures.
The paucity of published data on the combined effect of recreational firearm and occupational noise on NIHL is only one limitation to our understanding of the relationship. Those studies that have been conducted have been limited solely to comparisons of hearing sensitivity. Other potentially important audiometric indicators, such as standard threshold shift (STS) rates and STS laterality, have not been examined. STS is defined by the Occupational Safety and Health Act (OSHA) as an average lO-dB or greater shift from the baseline audiogram at 2.0, 3.0, and 4.0 kHz for either ear." This measurement is of particular importance to industrial hearing conservation programs because one of the main goals in industrial settings is to minimize STS rates. For example, the use of STS rates and laterality data as measures of HCP outcomes would be compromised if industrial workers who shoot firearms experience greater degrees of hearing loss that occur at faster rates than those of nonshooting industrial personnel.
The purposes of this investigation, therefore, were fourfold: (1) to compare the degree of hearing loss and threshold asymmetry in an experimental group of 278 industrial workers who engaged in recreational shooting with those of an age-matched control group of 278 industrial workers who did not shoot; (2) to identify and compare the occupational HPD compliance in the two groups; (3) to examine the influence of age and the number of unprotected and protected firearm noise exposures per year on hearing sensitivity in the experimental group; and (4) to identify STS rates and STS laterality in both groups.
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Subjects and methods Subjects. The study group consisted of 556 right-handed male industrial workers drawn from a larger pool of 1,830 workers who were enrolled in HCPs. The men were divided equally into an experimental group (n =278; mean age: 32.5 years) who reported that they had engaged in recreational firearm activity within the previous 12 months and a control group (n = 278; mean age 32.1 years) who had denied ever using firearms or being exposed to firearm noise. Subjects in the control group were agematched to within 1 year of the subjects in the experimental group--that is, for each shooter selected for the experimental group, a nonshooter of the same age was selected for the control group. No subject in either group reported otologic symptoms that required medical referral based on American Academy of Otolaryngology-Head and Neck Surgery guidelines."
Because it was reasoned that the sample size of each group was sufficient to minimize any systematic influence caused by potentially confounding variables, no attempt was made to control for factors such as salicylate consumption, blood pressure and cholesterol levels, and smoking habits, either within or between the two groups. Likewise, with the exceptions of age and the number of years enrolled in an HCP, subjects were not matched for the level and type of occupational noise exposure; however, because all subjects were enrolled in HCPs, they presumably were exposed to at least an 8-hour timeweighted average of 85 dBA. More than 90% of all U.S. workers who are exposed to occupational noise are in levels that do not exceed a time-weighted average of 95 dBA.16 Thus, it was assumed that the level of occupational noise exposure in both groups was similar and that their time-weighted average ranged between 85 and 95 dBA.
Methods. In addition to providing routine demographic data, all subjects completed a case history checklist that included items related to otologic history, general illness, occupational noise exposure, firearm noise exposure, and the use of occupational HPDs. The experimental subjects also completed a questionnaire regarding their shooting habits, including the types of guns fired (i.e., pistols, rifles, calibers, etc.), their estimated number of protected and unprotected gunshot exposures within the previous year, and their total number of years shooting. Pure-tone air conduction thresholds were obtained for all subjects with Telephonics TDH-39 earphones housed in MX 41-AR cushions for octaves from 0.5 to 4.0 kHz and for halfoctaves at 3.0 and 6.0 kHz. Audiometric equipment was calibrated to American National Standards Institute'? criteria, and audiologic assessments were completed in compliance with OSHA guidelines." Analysis. Hearing sensitivity and threshold asymmetry in the two groups were compared by computing the mean right-and left-ear thresholds at each test frequency. A series of t tests was performed to determine if there were any statistically significant differences (p<0.05) in hearing sensitivity or threshold asymmetry between the two groups at any of the test frequencies.
All subjects indicated on a five-point scale (never, seldom, half the time, almost always, and always) how oftenthey used HPDs while working. The frequency of occupational HPD use was tabulated for both groups by calculating the percentage of subjects who responded to eachof the five qualifiers.
Twelve four-way analyses of variances (ANOVAs) wereperformedon the shooter group data to examine the effects of age, the number of protected and unprotected firearm exposuresper year, and the frequency of occupa-tionalHPDuse on hearing sensitivity at each audiometric test frequency for both ears (i.e., age x the number of unprotected shots x the number of protected shots x the frequency of occupational HPD use at each test frequency forbothears).Experimental subgroups were classified by age(17to 25,26 to 35, and~36 yr), the number of reported protected and unprotected gunshot exposures during the previous year(1 to 25, 26 to 100,and~101),andtheextent of occupationalHPD use (never, seldom, half the time, almostalways, or always).
As noted earlier, STS rates and STS laterality were defmed in accordance with OSHA guidelines-that is, an STSwasrecorded whenever an average 10-dB or greater shiftoccurredat 2.0, 3.0, and 4.0 kHz for either ear." STS ratesandlateralities were computed for both groups based on the number of subjects in each group who had completedat least two audiometric assessments (experimental: n = 250; control: n = 216). STS rates were expressed in twoways: (1) as the ratio of STSs in a group to the total number of audiograms performed in that group and (2) as the ratio of subjects with STS in a group to the total number of subjects in that group. STS lateralities for right, left, and binaural shifts were expressed as the ratio of right, left, and binaural STSs for each group to the total number of STSs within the same group.
Results
Air conduction thresholds. Mean right-and left-ear air conduction thresholds were computed from the pure-tone data for both groups (figure 1) . At octaves 0.5 and 1.0 kHz, the mean intra-and intergroup differences in hearing sensitivity in both ears were minimal (p = NS for all comparisons). At audiometric test frequencies 2.0 through 6.0 kHz, however, the mean threshold differences within and between groups became more pronounced, especially at 3.0, 4.0, and 6.0 kHz. Thresholds were significantly different for within-group, between-ear comparisons at 3.0,4.0, and 6.0 kHz among the controls, and at 2.0,3.0, 4.0, and 6.0 kHz among the experimental subjects (p<0.05). Except for the right ear at 0.5 kHz, between-group, within-ear comparisons revealed that the mean hearing sensitivity for the shooters was consistently poorer in each ear than that of the nonshooters and that these differences were statistically significant at 2.0, 3.0, 4.0, and 6.0 kHz (p<0.05).
Estimates of the influence of firearm noise exposure within the experimental group were calculated by subtracting the mean thresholds for the control group from those of the experimental group in each ear (figure 2). The mean thresholds at 0.5 and 1.0 kHz were within 1 dB for each ear. At the higher frequencies (2.0, 3.0, 4.0, and 6.0 kHz), however, the mean hearing sensitivity among the shooters was an average of approximately 5 dB poorer in the right ear and slightly more than 7 dB poorer in the left ear (p<0.05 for both ears). Asymmetry, Asymmetry, determined by subtracting the mean pure-tone threshold in the right ear from the mean threshold in the left ear, was computed for each audiometric test frequency in both groups (figure 3). Neither group exhibited significant asymmetry at 0.5, 1.0, or 2.0 kHz. Asymmetries were more pronounced in each group at the higher frequencies. At 3.0, 4.0, and 6.0 kHz, the shooters had an average asymmetry of 5 dB (left ear poorer) and the nonshooters had an average asymmetry of 2 dB (left ear poorer) (p<0.05).
Hearing protection devices. As a group, the shooters appeared to be more conscientious about using HPDs on the job than were the nonshooters (table 1) . Approximately one-half of the experimental group (46.0%) reported that they always wore HPDs in the occupational setting, compared with only about one-fourth of the controls (26.9%). Table 1 . Frequency (%) of the use of occupational hearing protection The corresponding data in the control devices in the experimental and control subjects group were 14,29, and 57%.
The twelve separate four-way ANOVAs revealed that only age had a significant influence on hearing sensitivity among the shooters (p<0.05). (The other ANOVA analyses concerned the number of protected and unprotected firearm noise exposures and the frequency of occupational HPD use among the shooters.) Among the two younger subgroups of shooters, there was a trend toward a slight impairment of hearing sensitivity at the higher frequencies (2.0 to 6.0 kHz) and a small but consistent left-ear asymmetry ( figure 4 ), but the differences between these two subgroups were not statistically significant, In the older shooters, thresholds at 1.0through 6.0kHz were an average of 6 to 15 dB poorer in the right ear and 10 to 25 dB poorer in the left ear compared with the two younger subgroups. Mean thresholds for both ears in the older group were significantly poorer than those of either of the younger groups (p<0.05).
Standard thresholdshifts. When expressed as the ratio of within-group STSs to the total number of audiograms, the STS rates were 1.96%in the shooter group and 0.86% in the nonshooter group (table 2) . When STS rates were expressed as the ratio of within-group STSs to the total number of subjects in the group who had completed at least two audiograms, they were 8.0 and 3.2%, respectively. STS lateralities in the experimental group were 5, 35, and 60% for right, left, and both ears, respectively. 
Discussion
This investigation compared the hearing sensitivity of two groups of industrial workers drawn from a single RCP that provided services to several companies. All subjects had been enrolled in the RCP as a consequence of their histories of occupational noise exposure. One group comprised workers who reportedly engaged in recreational firearm use, while those in the control group denied using firearms, The subjects in this study worked for different companies, and the companies were represented fairly equally in the two study groups. Thus, given the sample size of each group, it is logical to assume that the overall profile of occupational noise exposure in the two groups was similar.
Based on the fmdings of this investigation, it can be estimated that workers exposed to occupational noise can expect to incur an additional 5-to 1O-dB high-frequency loss of hearing sensitivity if they shoot firearms on a recreational basis. The significant differences between shooters and nonshooters in hearing sensitivity in both ears at 2.0, 3.0, 4.0, and 6.0 kHz, as well as the significantly greater interaural asymmetry at 3.0, 4.0, and 6.0 kHz among the shooters, most likely reflects exposure to recreational firearm noise. In general, these fmdings support those previously reported by Prosser et al 8 
and KryterP
The observation that older shooters exhibited a significantly greater hearing loss at the higher frequencies than did younger shooters was also reported by Prosser et al." This finding provides support for the contention that the aging process enhances the degree of industrial NIHL among shooters. 0..,....--------------------------------. The fmding that the number of unprotected firearm exposures among the shooters did not have a significant effect on hearing sensitivity is most likely explained by the higher incidence of unprotected exposures reported by younger Experimental shooters, whose hearing sensitiv-Control ity was inherently superior to that of the older subjects. The youngest * R =right ear; L =left ear; B =bilateral; T =total. group of shooters had four times as many unprotected exposures during the previous year as did the oldest shooter group (table 3) . Because it is reasonable to hypothesize that the middle-aged and older shooters were exposed to a similar number of unprotected gunshots when they were the same age as the younger shooters, it follows that the influence of the aging process coupled with the cumulative exposure to both occupational and firearm noise served to obscure the relationship between hearing sensitivity and the reported number of unprotected exposures during the previous year. Also, the number of unprotected exposures in this study occurred in a rather limited l-year period. An exact determination of inflation in the rate of injuries caused by NIHL.
. It is interesting that the shooters reported a higher compliance rate with occupational HPD use than did the nonshooters. One possible explanation is that shooters might be more conscientious about wearing HPDs at work because they might have received more training in their use during firearm safety classes, which are mandatory in the U.S. before any person can obtain a hunting license. Also, HPDs are almost always used by shooters during target practice. IS This might have made them more cognizant of their importance in the occupational setting. Finally, it should be noted that there were two primary limitations to this investigation that require further consideration, especially with respect to future research. First, data for this investigation were obtained by a retrospective examination of audiometric test results and paper-and-pencil-type questionnaires. Because practical considerations precluded an in-depth, face-to-face questioning of subjects to verify shooting habits and noise exposure histories, it is possible that some individuals who indicated negative case histories for shooting might, in fact, have had some experience with firearms. Although the potential influence of forgotten firearm noise exposures on the hearing sensitivity of our control subjects cannot be quantified, it is logical to assume that such unknown exposures would have minimized rather than enhanced the differences in hearing sensitivity between the two groups. The reason is that the relative differences in hearing sensitivity found in this investigation might have been even greater if the hearing of shooters had been compared with an age-matched group of persons who had absolutely never experienced even a single firearm noise exposure.
A second limitation relates to the overall variability observed in shooting habits. For example, the annual number of protected and unprotected gunshot exposures and the type and caliber of the firearms used varied dramatically. This high degree of variability, coupled with the limited l-year shooting history, precluded any meaningful comparison of shooting habits and hearing sensitivity. Regardless, future investigators are encour-40 aged to consider carefully these observations in order to delineate further the relationship between recreational gunfire and occupational noise exposures and hearing handicap.
The findings of this investigation serve to emphasize to hearing conservationists the importance of including in their educational efforts information on recreational firearm activities. Specifically, it would be prudent to stress the potentially hazardous effects of gunshot noise and to emphasize the use of HPDs during both work and recreation. Special attention should be given to younger workers, who not only report the highest number of annual gunshot exposures, but also the highest incidence of unprotected exposures .
